One mechanism of histamine-mediated inhibition of the immune response in man is to activate T suppressor cells that bear the Leu 2 (OKT8) marker. The current study was undertaken to characterize the histamine-induced suppressor cell using a monoclonal antibody (9.3) shown previously to distinguish cytotoxic T cells from antigen-specific suppressor T cells. Leu 2+ cells isolated from peripheral blood were further separated with antibody 9.3 into Leu 2+, 9.3+, and Leu 2+, 9.3-subsets and each subset was incubated with different concentrations of histamine before determining their ability to suppress immune responses in vitro. The results indicate that the Leu 2+, 9.3-subpopulation includes all histamine-induced suppressor cells, that 1o-4 M histamine is the optimal concentration for suppressor cell induction, and that exposure of Leu 2+, 9.3-cells to histamine for 30 s is sufficient to initiate the induction process. After treatment with histamine these cells inhibit both phytohemagglutinin-induced T cell proliferation and pokeweed mitogen-induced B cell differentiation. 
Introduction
Histamine can inhibit a variety of lymphocyte functions, such as the proliferative response to mitogens and alloantigens (1, 2) , antibody synthesis (3), cell-mediated lympholysis (4-7), and production of lymphokines (8) . Although histamine may inhibit immunity by acting directly on lymphocytes, such as antibody-secreting B cells (3) , studies from several laboratories indicate that histamine can also regulate the immune response indirectly via the induction of suppressor T cells (9) (10) (11) (12) . These histamine-induced suppressor cells have been shown to be included in the Leu-2+ (OKT8+) suppressor/cytotoxic subset (13) (14) (15) (16) (17) of T cells (11, 12) and not in the Leu 3+ (OKT4+) helper/inducer subset (14, (16) (17) (18) .
We have shown recently that the Leu 2+ population can be divided with a murine monoclonal antibody, 9.3, into subpopulations that include precursors of antigen specific cytolytic (Leu 2+, 9.3+) and suppressor cells (Leu 2+, 9.3-) (19) (20) (21) . The aim of this study was to characterize these subpopulations of Leu 2+ cells according to their ability to suppress the immune response after stimulation with histamine. The results indicate that the Leu 2+, 9.3-subpopulation includes all histamine-induced suppressor T cells, and that after treatment with histamine, Leu 2+, 9.3-cells inhibit proliferative responses of autologous Leu 3+ cells to a variety of stimuli. Moreover, the induction of suppression seems to be mediated by H2 receptors on Leu 2+, 9.3-cells.
Methods
Drugs. Histamine dihydrochloride, cimetidine, and mepyramine maleate were purchased from Sigma Chemical Co., St. Louis, MO. Initial experiments ( Fig. 1 ) indicated that 10-4 M or 10-3 M concentrations of histamine reproducibly induced T suppressor cells under the conditions described below, and therefore, these concentrations were used in subsequent experiments.
Monoclonal antibodies. Anti-Leu 2a and anti-Leu 3a antibodies were provided by Dr. R. L. Evans, Memorial Sloan-Kettering Cancer Center, New York, and have been described previously (13) (14) (15) (Fig. 1 to PHA. The responses of both subsets were unaltered by histamine pretreatment (data not shown).
To determine if subpopulations of Leu 2+ cells differ in their ability to suppress the immune response after their exposure to histamine, Leu 2+, 9.3-, and Leu 2+, 9.3+ cells were incubated with or without 10' M histamine at 370C for 12 h. Thereafter, the cells were washed extensively and cocultured in graded numbers with autologous Leu 3+ responder cells, accessory non-T cells (irradiated to 1,500 rad), and PHA. Fig. 2 shows that Leu 2+, 9.3-cells preactivated with histamine suppressed the response of Leu 3+ cells to PHA. The degree of suppression depended on the number of histamine-activated Leu 2+ cells used and maximum suppression was detected at 1:1 and 2:1 ratios of responder to regulator cells. As in Fig. 1 , values in Fig. 2 reflect proliferation of both responder and regulator cells to PHA. Net suppression is therefore determined in the same manner. In some experiments, untreated Leu 2+, 9.3+ cells had a slight suppressive effect on proliferation. However, pretreatment of Leu 2+, 9.3+ cells with histamine failed to induce any additional suppression, and on the contrary, often enhanced proliferation in indicator cultures.
Effect of x-irradiation on suppressor cell activation and function. In many systems, activation of suppressor cells is sensitive to doses of x-irradiation that prevent their proliferation. To determine if histamine-induced suppressor cells must proliferate in order to exert suppression, Leu 2+ 9.3-cells were irradiated with 1,200 rad before or after exposure to histamine and then tested for their ability to inhibit the response to PHA. Figs. 3 A and B show that x-irradiation of Leu 2+, 9.3-cells before or after their exposure to histamine had little or no effect on their ability to suppress the proliferative response of Leu 3+ cells to PHA.
Surface Phenotype ofHistamine-induced Suppressor T Cells 651 Kinetics of suppressor cell activation. In all of the experiments described above, test cells were incubated in histaminecontaining medium for 12 h before their addition to fresh autologous lymphocytes and mitogen. Additional experiments confirmed that a minimum of 3 h was required for the generation of detectable suppressor cells and generation of maximal suppression required at least 6 h incubation (Fig. 4  A) . On the other hand, the possibility existed that histamine was not required in the medium for the entire period. To explore this possibility, Leu 2+, 9.3-cells were incubated in histamine-containing medium for shorter periods, washed, and resuspended in fresh medium lacking histamine for the remainder of the 12-h incubation before suppressor cell assay. As shown in Fig. 4 
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Discussion
This study provides evidence that histamine selectively triggers suppressive activity in a subpopulation of Leu 2+ cells that lacks the 9.3 marker. The induction of suppression was dependent on both the concentration of histamine and the duration of culture of Leu 2+, 9.3-cells following their exposure to (10, 27) . It would be of interest to examine the effect of supernatants of Leu 2+, 9.3-cells after their exposure to histamine.
The apparent difference between our results and those of a previous study (1) showing that suppressive activity induced by histamine was abolished by 1,200 rad may be explained by our use of purified T cell subpopulations and longer (12 vs. 3 h) incubations with histamine. Indeed, in our hands, after exposure to histamine, a minimum of 6 h incubation was required for Leu 2+, 9.3-cells to fully mature into suppressoreffector cells. However, despite this 6-h incubation requirement, as little as 30 s exposure to histamine was sufficient to trigger this differentiation process (Fig. 4 B) .
Our (10) . Abnormal numbers of lymphocytes that have histamine receptors are present in patients with autoimmune diseases, histiocytosis-x, allergy, and lymphoma (28) (29) (30) . Furthermore, antigen-specific suppressor cells bearing histamine receptors are generated during desensitization of patients with ragweed allergy (31) . In case reports, the administration of the H2 receptor antagonist, cimetidine, was associated with acute, irreversible renal allograft rejection (32) . In addition, a controlled trial of cimetidine restored defective cell-mediated immunity in patients with chronic mucocutaneous candidiasis (33 
